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Abstract 


A group of at least four ultramafic lamprophyres occur in the vicinity of Bulljah Pool, central Western 
Australia. These include a large sill, 1 and 2.5 ha pipes, and a 0.5 ha body of uncertain geometry. Ultramafic 
lamprophyres of Late Proterozoic age have previously been found in the Norseman area about 700 km to 
the south. The rocks at Bulljah have been dated at 305 +4 Ma, The occurrences extend the geographic and 
temporal range of ultramafic lamprophyres on the Yilgarn craton. The Bulljah ultramafic lamprophyres 
intrude Early Proterozoic Nabberu Basin sedimentary rocks which are thought to overlie Archaean rocks 
of the Yilgarn craton. The bodies lie close to edge of the craton. At least one body is emplaced into a 
prominent tension fracture related to folding of the platform cover. Other bodies may occupy a 
re-activated basement shear that has been propagated through cover. Nonetheless, the host structures are 
unremarkable when judged in their regional context. In common with rocks of deep mantle origin 
elsewhere the evidence for major and unique deep seated structural control is absent or unconvincing. Like 
Early Proterozoic post-cratonization mafic and ultramafic dykes, younger alkaline ultramafic bodies of 


lamprophyric affinity appear to occupy tensional fractures in the Yilgarn craton. 


Introduction 


Ultramafic rocks of lamprophyric affinity and Late 
Proterozoic age (849 +9 Ma, Rb-Sr mica) have previously 
been reported by Robey ef al. (1986) near the southeastern 
margin of the Yilgarn craton (Fig 1). 


A discovery of ultramafic lamprophyres (UMLs) near 
Bulljah Pool, central Western Australia (Fig 2) was made in 
March 1986 by Western Mining Corporation Ltd (Hamilton 
1988). The discoveries followed from the recognition of 
kimberlitic indicator minerals in drainage samples in May 
1985. 

Four bodies were found. Sampling results suggest that a 
larger number of very small bodies also may exist. This 
paper provides details of the geology and structural setting 
of the Bulljah lamprophyres and compliments an account 
of their petrology (Hamilton & Rock 1990). 


Regional Setting 


The area under consideration lies within the Earaheedy 
Sub-Basin, which forms the eastern limb of the Early 
Proterozoic Nabberu Basin (Fig 1). The UMLs intrude a 
gently dipping, relatively undisturbed part of the Eara- 
heedy Sub-Basin, the Kingston Platform. The area is 
underlain by the Archaean Yilgarn craton. The lampro- 
phyre bodies appear to lie close to the northern edge of the 
craton. 


The structural province to the north of the area of interest 
is the Stanley Fold Belt. This belt of folded rocks is equated 
with a failed rift, the Capricorn Orogen (Bunting & Grey 
1986). The northern boundary of the Capricorn Orogen is 
the Archaean Pilbara craton. Thus the setting is marginal to 
a major orogen dividing the two cratons of the West 
Australian Shield. 
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Figure 1 Regional tectonic setting of ultramafic lampro- 

hyres in southern Western Australia. Occurrences at 
Bulljah and Norseman are hatched. The edge of the Yilgarn 
craton is shown as a heavy line or where inferred, by a 


broken line. 
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Figure 2 Locations of alkaline ultramafic rocks. The dashed 
circles are areas where the presence of small bodies is 
suggested by soil indicator mineral anomaly spreads. 
Broken lines are tracks. 


Depth estimates to magnetic basement indicate that the 
platform cover in the study area is about 2.3 km thick. 
Dolerite dykes and sills are common in the Bulljah area and 
have the general orientations 0° and 315° respectively. A 
dolerite in the Earaheedy Group about 100 km southeast of 
Bulljah Pool, yielded a Rb-Sr date of 1028 +50 Ma (recalcu- 
lated after Compston 1974). The enigmatic Teague Ring 
Structure which is cored by ca. 1630 Ma quartz syenite is 
located about 180 km to the west within the Earaheedy 
Group (Bunting et al. 1980). No other magmatic rocks have 
previously been reported from the basin. 


Age of the Bulljah Rocks 


A selection of zircon grains from concentrates from the 
body BJ5 were analysed by the ionprobe U-Pb method. The 
youngest zircon age obtained was 305 +4 Ma (Compston 
1986). This Carboniferous age is taken to be the age of 
crystallisation of the BJ5 body. 


Geology of the Bulljah Rocks 


Four bodies have been discovered and investigated in 
various detail. The presence of at least another four small 
bodies may be inferred from detailed drainage samplin 
(Fig 2). The known bodies are pipes (BJ2, BJ5), a sill (BJ1) 
and an outcrop of unknown geometry (BJ4). A feature 
originally termed BJ3 was found to be non-lamprophyric. 
Wall rocks to the bodies are fine to medium grained 
sandstones and calcarenites. The bodies are contained 
within the area of a 14 km diameter circle. 


Although they are deeply weathered, the original modal 
constituents have been shown to be phlogopite, olivine, 
diopside, calcite and perovskite with accessory spinel. 
Mineralogical and petrographic details are provided by 
Hamilton & Rock (1990) and Archer (1987). The mineralogy 
and geochemistry indicates that the rocks are ultramafic 
lamprophyres with affinities to classical kimberlite. 


52 


Sill BJ1 


This large sill outcrops discontinuously along the face of 
a northwest trending scarp for a distance of over 1,000 m. 
The body is about 20 m thick and dips shallowly to the 
northeast (Fig 3a). 

Weathered outcrops show textures reminiscent of an 
olivine-phyric, phlogopite-rich ultramafic rock. Petrogra- 
phic examination supports this identification. Altered pe- 
rovskite is abundant in all outcrops (4-6 percent by weight). 


A concentrate from a surface exposure contained abun- 
dant perovskite and spinel, a number of almandine-rich 
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Figure 3 Geological maps of BJ1 and BJ2. a. BJ1. The sill 
(hatched) is intruded between the Early Proterozoic Kulele 
Limestone and Mulgarra Sandstone (Snd): outcropping 
lamprophyre is black. Paterson Formation Sh, Sl, glacial 
sediments are Pg; b. BJ2. This pipe-like body (hatched) is 
intruded into Mulgarra Sandstone. Legend as for a. 
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garnets and a single 0.25 mm microdiamond. Although the 
diamond was not confirmed by subsequent sampling it was 
believed to be genuine. The rare presence of diamond in the 
sill BJ1 may therefore be inferred. 


Pipe Bj2 


This is a steeply dipping, 2.5 ha lens-like body which is 
aligned east-west. A small exposure of xenolith-rich mate- 
rial in a stream bank marks the discovery location (Fig 3b). 
The body lies on the southern edge of an intense conductiv- 
ity anomaly which coincides with a strong 285° trending 
linear feature. Sandstone outcrops within this zone are 
sheared at 285° silicified and dip steeply to the north. 


Enclosing sandstones have been fenitized. The body 
itself contains lenses of recrystallised sandstone, abundant 
xenoliths of country rock sandstone and zones of magmatic 
material. 


Materials obtained from drill holes reveal a tetrifer- 
riphlogopite, diopside, tita nomagnetite, olivine, perovskite 
mineralogy. Surface concentrates contain rare chrome 
diopside, andradite and a little diopside, phlogopite and 
chromite. 


Outcrop BJ4 


This small outcrop occurs on the northern dip slope of 
the range of hills hosting the BJ1 occurrence. 


Weathered textures suggest an olivine-rich ultramafic 
rock. Concentrates contain umerous chromites, a range of 
almandine-rich garnet, and rare chrome pyrope. The ab- 
sence of perovskite in both loam and thin section samples is 
evidence that this body is not part of the BJ1 sill. Diamond 
was not recorded from this locality. 


Pipe 5 


Close spaced trenching revealed that this body has an 
area of one hectare. It is sparsely vegetated compared with 
surrounding flatly-dipping units of the ca. 1.6 Ma Kuluele 
Limestone. Weathered rock extends to within 50 cm of the 
ground surface. 


Pipe 5 was the most extensively explored of the Bulljah 
UMLs (Fig 4a). It lies within a well defined 11 ha conductiv- 
ity anomaly which trends at 305° (Fig 4b). 


The conductivity anomaly is interpreted as a steep 
northeasterly-dipping shear structure. Pipe 5 appears to 
have been emplaced at the point of intersection of this 
structure and a vertical north-south fracture system. A 
concealed dolerite dyke occupies a central position in the 
north-south fracture. 


A 1 ha zoned body (magmatic and tuff facies) was 
interpreted from magnetic field data (Fig 4a) and very 
weathered materials in trenches. Drill evidence however 
suggested that body number 5 is made up of a number of 
small dykes contained within a steep northeasterly dipping 
(tectonic) breccia pipe. In this interpretation short 305° 
striking dykes with the same plunge as the breccia pipe are 
interlayered with hornfelsed country rock calcarenites and 
occupy “jog” type tensional partings in the breccia pipe. 


Concentrates yield numerous grains of low-calcium 
chrome pyrope, chrome pyrope, almandine-rich garnet, 
chrome diopside, apatite, barite, phlogopite, andradite- 
melanite, pargasite and iron and chromian spinels. Trace 
amounts of perovskite, picroilmenite, rutile and zircon are 
present. 


A diversity of magmatic and xenolith-rich lamprophyre 
facies is revealed in drill cores. Pipe 5 is essentially a 
tetriferriphlogopite, olivine, calcite, diopside rock with 
variable country rock xenolith dilution. Spinel lherzolite 
nodules up to about 5 cm in size were found in drill core. 


metres 


Figure 4 Details of body BJ5 a. Detailed ground magnetometer survey. Lines 10 m apart, sampling 1 m intervals. The 

Mear western anomaly is due to unexposed dolerite, the eastern noise band coincides witha palaeochannel; b. Simplified 

8eological map. The body is hatched and intrudes ca. 1600 Ma Kulele Limestone: the following lithologies are present: 
l, stromatolitic limestone; SI, calcarenite; and Ssl, siltstone. The broken line is a conductivity anomaly. 
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Figure 5 Lineaments in the eastern part of the Earaheedy Sub-basin and surrounding areas from a Landsat(TM)-based 
interpretation. Geology simplified from Bunting (1980), supplemented by Western Mining Corporation mapping in the 
Bulljah Pool area. 
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Other Localities 


The presence of other small bodies was strongly sus- 
pected from indicator mineral stream sediment sampling. 
The localities of these bodies are shown in Fig 2. 


Structural Setting of the Bulljah Field 


A regional synclinorium extends throughout the King- 
ston Platform. The axial trace of this structure is shown on 
the Landsat-based lineament map (Fig 5). The prominent 
curved linear features are interpreted to be wrench faults 
associated with compression and regional folding. Doler- 
ites of presumed Late Proterozoic age utilise related 
tensional partings in the Bulljah area. 


The BJ5 body lies 100m east of the intersection of a major 
northerly striking dolerite-filled fracture and a northwest- 
erly striking conductivity anomaly which has been inter- 
preted asa shear zone (Fig 4). Both these features are visible 
on Landsat images (Fig 5, 


A prominent 285° lineament is visible both on Landsat 
and on the ground and is associated with BJ2 and possibly 
BJ1 and BJ4 (Fig 5). This structure is incompatible with the 
previously described cover structures. Basement rocks 
presumably folded in the Late Archacan, appear from 
Bureau of Mineral Resources gravity and magnetic maps to 
trend at 325°. Tensional shears orientated at about 290° are 
predicted to arise from this deformation. The linear BJ2 is 
one of a number of 290° trending lineaments (Fig 5). The 
290° linear features may result from the re-activation and 
propagation through cover of major basement shears. 


Conclusions 


A new, hitherto unrecognised, region of alkaline ul- 
tramafic rocks has been identified. The two known locali- 
ties are confined to the opposite extremities of the eastern 
half of the Yilgarn craton (Fig 1). It is perhaps significant 
that these rocks are found in a part of the craton which is 
characterised by a wide north-south aligned band of mildly 
alkalic rocks of diverse ages (Libby et al. 1978). Rock (1988) 
suggests that calc-alkaline lamprophyres may be wide- 
spread on the Yilgarn craton. As this is one of only a few 
known occurrences of ultramafic lamprophyre these rocks 
appear to be relatively uncommon. 


High level host structures at Bulljah may be ancient 
tensional features of both Archaean and Proterozoic age 
which have been re-activated, perhaps in Carboniferous 
time, and in the case of the Archaean shear, propagated 
through cover. Similar though apparently lamprophyre- 
free structures are common in this part of the Nabberu 
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Basin. The location of the Bulljah Field near the northern, 
presumably structurally bounded edge of the Yilgarn 
craton may be significant. Ultramafic magmas of this type 
may be generated in the asthenosphere. Their ascent may 
require that a fracture or system of fractures be present 
throughout the entire thickness of the continental plate. It 
seems remarkable that here as nearly everywhere else 
where rocks of deep mantle origin are found, evidence for 
major and unique structural control is either absent or 
unconvincing. 


Post-cratonization mafic and ultramafic dykes utilise 
tensional fractures in the Yilgarn craton (Hallberg 1987). 
Widespread and rare intrusion of ultramafic lamprophyres 
may have been the most recent magmatic event to effect the 
craton. 
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